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ABSTRACT
Five tropical leafy vegetables, Pterocarpus soyauxii (“oha”), Pterocarpus santalinodes (“nturukpa”), Gongronema latifolium 
(“utazi”), Corchorus olitorius (“ahihiara”) and Amaranthus hybridus (“green”) were held for four days at ambient condition 
using three different popular local methods used in the Southeastern states of  Nigeria. Each leafy vegetable was 
divided into three lots. Lots I and II were unwrapped while lot III was wrapped with broad cocoyam leaves. The three 
lots were held under a shade. In addition, lot II was regularly taken outside to the open at nights where it was exposed 
to cool air and early morning dews. The vitamin contents of  each leafy vegetable lot were analysed initially and on 
daily basis for four days. The beta carotene and ascorbic acid contents ranged respectively from 4.88 – 9.84µg and 
105.62 – 278.65 mg per l00 g of  the leafy vegetable. The five leafy vegetables are fair sources of  thiamin, riboflavin 
and niacin. There were losses in the vitamins as holding time increased, regardless of  the holding method employed. 
The rate of  loss of  vitamins was highest in Lot I (the unwrapped leaves that were kept in a shade both day and night). 
The rate of  loss of  vitamins was lowest in Lot III (the wrapped leafy vegetables).
Keywords: Leafy vegetables, vitamins, method, time, loss.
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Introduction
Freshly expanded leaves of Pterocarpus soyauxii 
(“oha”) and Pterocarpus santalinodes (“nturukpa”), 
Gongronema latifolium (‘utazi”), Corchorus olitorious 
(“ahihiara”) and Amaranthus hybridus (green) are 
among the leafy vegetables that are mostly consumed 
in the Southeastern states of  Nigeria. These and 
other leafy vegetables, generally, constitute an 
indispensable constituent of  human diet in these 
states. They complement the major staples like 
cassava, cocoyam, guinea corn, maize, millet, rice 
and plantain when the leaves are consumed with 
them (Oguntona, 1998). Leafy vegetables are good 
sources of  nutrients most especially in the rural 
areas where they contribute substantially to protein, 
minerals, vitamins, fibres and other  nutrients which 
are usually in short supply in daily diets (Mosha and 
Gaga, 1999). Specially, leafy vegetables are sources 
of  vitamins (A, B, C and E), minerals (calcium, iron 
and phosphorus), and dietary fibres (Aletor and 
Adeogun, 1995; Fasuyi, 2006).  
Diets that contain abundance of  leafy vegetables 
have been found to give protection against a variety 
of  diseases (IFT, 1990; Jenkins, 1978; USDA, 2005). 
Considerable epidemiological evidence abound that 
showed a relationship between those who have diets 
that are rich in leafy vegetables and a protection 
against and decrease risk of  cardiovascular and 
other degenerative diseases (Salah et al.,1995; Del-
Rio et al., 1997). The main action of  leafy vegetables 
has been attributed to the presence of  antioxidant 
vitamins, especially, ascorbic acid, tocopherol 
and carotene (Oboh, 2005). Leafy vegetables also 
contain a wide variety of  biologically active, non-
nutritive compounds known as phytochemicals. The 
phytochemicals impart health benefits beyond basic 
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nutrition (Gupta and  Prakash, 2009; Oomah and 
Mazza, 2000).  The fibre content of  vegetables has 
been reported to have beneficial effects on blood 
cholesterol by lowering it and to aid in prevention 
of  large bowel diseases, while in diabetic subjects 
it improves glucose tolerance (IFT, 1990; Jenkins, 
1978). Consequently, a diet high in vegetables is 
associated with decreased risk for chronic diseases 
(USDA, 2005).
Leafy vegetables, however, are highly perishable; 
they are generally sold and consumed the day they 
are harvested. The unconsumed or unsold ones 
are held using one of  the few traditional holding 
methods. The modern methods of  holding such 
as refrigeration, freezing or controlled/modified 
atmosphere are only available to few Nigerians. 
Most Nigerians, especially rural dwellers and 
leafy vegetable sellers employ traditional holding 
methods as means of  keeping the leafy vegetables 
fresh for few days. The methods prevent much 
loss of  moisture as the leaves have large surface 
area. Consequently, wilting and loss of  turgidity are 
prevented for few days.  The status of  vitamins in 
these leafy vegetables during the few days holding 
period is not known. The vitamins profile of  the 
leafy vegetables during the period of  holding could 
be adversely affected by the traditional holding 
method and time of  holding. So the present study 
is aimed at determining the effects of  traditional 
holding methods and time of  holding on some 
vitamins of  leafy vegetables.
Materials and Methods
Sources of materials
Ptercaropus soyauxii (“oha”), Pterocarpus santalinoids 
(“nturukpa”) Gongronema latfolium (“utazi”), 
Conchorus olitorious (“ahihiara”) and Amaranthus 
hybridus (green) were harvested from three farms in 
Egbu, Owerri North Local Government Area of  
Imo State. Standard chemicals for the experiments 
were purchased at Kentin Ltd., Okigwe Road, 
Owerri.
Sample preparation
Some leaves were taken from each of  the five 
leafy vegetable samples and used for initial (0-day) 
analysis of  the vitamins. Each leafy vegetable sample 
was subsequently divided into three lots. Lots I and 
II were left unwrapped while lot III was wrapped 
with broad leaves of  cocoyam. The three lots were 
held in the laboratory room to prevent them from 
having direct contact with sun ray. Lot II, one of  
the unwrapped lots was taken outside and kept in 
the open every night for exposure to cool night air 
and early morning dews.  The average temperature 
and relative humidity of  the laboratory room were 
respectively 31oC and 82.3% while those of  the 
open atmosphere at nights were 28oC and 91.4%. 
At every one-day interval, the vitamin contents 
of  the leafy vegetables in each of  these lots were 
analyzed. The leafy vegetables were held for four 
days. 
Methods 
 The vitamins were measured in the Food Chemistry 
and Analysis Laboratory of  Imo State University 
Owerri. The leafy vegetables were ground in 
crucible mortar with its pestle. The pro-vitamin A 
(beta-carotene), vitamin B1, (thiamin), vitamin B2 
(riboflavin) and vitamin B3 (niacin) were respectively 
analysed using 5 g of  the ground leaves. Vitamin C 
(ascorbic acid) was measured using 1 g of  ground 
leaves. Beta-carotene content of  the leaves was 
determined using Kirk and Sawyer (1998) method. 
The extraction of  beta-carotene from the ground 
leaves involved pigmentation extraction and 
measurement of  absorbance at 325 nm wavelength 
using a spectrophotometer (Jenway Model).
Thiamin and riboflavin were measured using the 
methods described by Okwu and Ndu (2006) while 
the methods of  Association of  Vitamin Chemists 
described by Okwu (2004) was used to determine 
the niacin content of  the leaves. The absorbance of  
thiamin, riboflavin and niacin extracts of  the leaves 
was measured with spectrophotometer (Jenway 
model) at respective wavelengths of  360 nm, 510 nm 
and 470 nm.
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Ascorbic acid (vitamin C) was measured using 
new spectrophotometric method, Leuco Malachite 
Green (LMG) as described by Nielsen (2003). The 
absorbance of  vitamin C extract at the wavelength 
of  620 nm was measured with Jenway model 
spectrophotometer. The concentration of  ascorbic 
acid was established from calibration graph of  
absorbance against ascorbic acid concentrations 
between 0.8 – 8.0 ug. Each experiment was carried 
out in three replicates.
Data analysis
Means and standard deviations from means were 
calculated for each of  the analysis results. Also 
calculated were percentage loss of  each vitamin in 
four days holding period based on initial (0-day) 
vitamin content. The analysis of  variance (ANOVA) 
was computed. Significant differences among the 
means were established at 5% level using Duncan’s 
multiple range tests as described by Wahua (l999). 
Regression analysis of  the vitamins against time of  
holding were carried out using computer package 
SPSS 2006 Version 15.0.
Results and Discussion
Results showed that five leafy vegetables, Pterocarpus 
soyauxii (“oha”). Pterocarpus santalinoides (“nturukpa”) 
Gongronema latiolium (“utazi”), Corchorus olitorious 
(“ahihiara”) and Amaranthus hybridus (“green”) 
are good sources of  ascorbic acid. The ascorbic 
acid content of  these leafy vegetables ranged 
from 105.62 – 278.65 mg/100 g (Table 1). Leafy 
vegetables had earlier been reported to contain 
high levels of  vitamins especially ascorbic acid 
(Aletor  and Adeogun, 1995). The ascorbic acid 
value for Amaranthus hybridus (green) as reported 
by Akubugwo et al. (2007) was far less than what 
was obtained in this study. The differences in the 
vitamin contents could be as a result of  variation 
in the nutritional status of  the soils and analytical 
methods that were used. The five leafy vegetables 
have potential of  supplying enough ascorbic acid 
to meet the needs of  children and adult. An intake 
of  100 g of  any of  the leafy vegetables per day 
is sufficient to provide more than 15 to 60 mg 
vitamin C per day recommended for human (Fox 
and Cameroon, 1980; Narasingha-Rao et al., 1989).
Table 1: Vitamin contents of  the fresh leafy vegetables 
Sample b-Carotene	 Riboflavin	 Thiamin	 Niacin	 Ascorbic	Acid
 (mg 100 g) (mg/100 g) (mg/100 g) (mg/l00 g) (mg/100 g)
Oha  6.96  0.13 0.27  2.73 194.30
 + 0.27a + 0.05ab  + 0.05b + 0.05a + 1.05c
Nturukpa 4.88 0.12  0.18  1.45 204.78
                   + 0.51e + 0.0b + 0.03c + 0.03b + 2.10b
Utazi               9.84  0.17 0.92 0.85  298.65
                        + 0.12a + 0.02a + 0.05a  + 0.05c + 0.19e
Ahihiara  5.13 0.038 0.24 0.40 105.62
                        + 0.18d + 0.0c + 0.02bc + 0.02d + 0.19e
Green 5.92 0.17 0.29 0.45 134.8
 + 0.14c + 0.03a + 0.05b + 0.06d + 0.04d
LSD 0.70  0.046 0.79 0.101 2.55
Means + standard deviations, Means followed by the same letter along the column are not significantly different (p 
< 0.05).
56        Nigerian Food Journal  Vol. 31 No. 1, 2013 ...  Full Length Article
T
ab
le
 2
: B
et
a-
ca
ro
te
ne
 c
on
te
nt
 a
nd
 th
e 
pe
rc
en
ta
ge
 lo
ss
 in
 fo
ur
 d
ay
s
H
ol
di
ng
 
U
nw
ra
pp
ed
 
U
nw
ra
pp
ed
/E
xp
os
ur
e 
to
 n
ig
ht
 
W
ra
pp
ed
ti
m
e 
 
at
m
os
ph
er
e
(D
A
Y
)	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
   
   
   
   
   
   
   
   
   
   
   
   
   
   
  
   
   
 (
µg
/1
00
 g
) 
(µ
g/
10
0 
g)
 
(µ
g/
10
0 
g)
           
                  
                  
                  
                  
                  
                  
     
0 
6.
96
 
4.
88
 
9.
84
 
5.
13
 
5.
92
 
6.
96
 
 4
.8
8 
9.
84
 
5.
13
 
5.
92
 
 6
.9
6 
4.
88
 
9.
84
 
5.
13
 
5.
92
 
+
 0
.2
7 
+
 0
.5
1 
+
 0
.1
2 
+
 0
.1
8 
+
 0
.1
4 
+
 0
.2
7 
+
 0
.5
1 
+
 0
.1
2 
+
 0
.1
8 
+
 0
.1
4 
+
 0
.2
7 
+
 0
.5
1 
+
 0
.1
2 
+
 0
.1
8 
+
 0
.1
4
1 
6.
63
 
4.
80
 
9.
74
 
5.
04
 
5.
74
 
6.
91
 
4.
81
 
9.
75
 
5.
08
 
5.
77
 
6.
95
 
4.
86
 
9.
81
 
5.
12
 
5.
85
 
+
 0
.6
8 
 
+
 0
.3
6 
+
 0
.2
5 
+
 0
.2
8 
+
 0
.2
2 
+
 0
.8
4 
+
 0
.5
4 
+
 0
.7
0 
+
 0
.2
1 
+
 0
.2
5 
+
 0
.7
1 
+
 0
.6
7 
+
 0
.5
0 
+
 0
.1
7 
+
 0
.1
7
2 
6.
36
 
4.
75
 
9.
56
 
5.
47
 
5.
66
 
6.
47
 
4.
76
 
9.
46
 
5.
02
 
5.
74
 
6.
51
 
4.
80
 
9.
78
 
5.
07
 
5.
82
 
+
 0
.9
2 
1.
04
 
0.
12
 
0.
11
 
0.
19
 
1.
81
 
1.
20
 
0.
28
 
0.
22
 
0.
52
 
0.
85
 
0.
72
 
0.
30
 
0.
18
 
0.
22
3 
6.
27
 
4.
68
 
9.
31
 
4.
91
 
5.
59
 
6.
32
 
4.
74
 
9.
39
 
5.
00
 
5.
64
 
6.
42
 
4.
78
 
9.
68
 
5.
01
 
5.
77
 
+
 1
.1
2 
+
 0
.6
0 
+
 0
.1
7 
+
 5
.6
4 
+
 0
.2
3 
+
 0
.7
8 
+
 0
.5
6 
+
 0
.2
3 
+
 0
.5
0 
+
 0
.7
1 
+
 0
.6
5 
+
 0
.5
8 
+
 0
.2
9 
+
 0
.3
1 
+
 0
.1
8
4 
6.
24
 
4.
63
 
9.
09
 
4.
73
 
5.
54
 
6.
27
 
4.
71
 
9.
31
 
4.
88
 
5.
61
 
6.
37
 
4.
76
 
9.
63
 
4.
89
 
5.
74
 
+
 1
.0
6 
+
 1
.5
6 
+
 0
.3
7 
+
 0
.3
1 
+
 0
.1
5 
+
 2
.0
0 
+
 0
.4
8 
+
 0
.2
6 
+
 0
.2
7 
+
 0
.2
8 
+
 0
.8
6 
+
 1
.2
4 
+
 0
.1
1 
+
 0
.2
1 
+
 3
.0
6
%
 lo
ss
 
10
.3
4 
5.
12
 
7.
62
 
7.
80
 
6.
42
 
9.
91
 
3.
48
 
5.
39
 
4.
87
 
5.
24
 
8.
48
 
2.
46
 
2.
13
 
4.
68
 
3.
04
V
al
ue
s 
ar
e 
m
ea
ns
   
st
an
da
rd
 d
ev
ia
tio
ns
O
H
 =
 O
ha
   
   
 N
T
 =
   
  N
tu
ru
kp
a,
   
U
T
 =
 U
ta
zi
;  
   
 A
H
   
 =
  A
hi
hi
ar
a;
   
 G
R
  =
 G
re
en
R
eg
re
ss
io
n 
A
na
ly
si
s 
R
es
ul
ts
 fo
r T
ab
le
 2
 
 
U
nw
ra
pp
ed
 
   
   
   
   
   
   
U
nw
ra
pp
ed
/e
xp
os
ur
e 
to
 n
ig
ht
  
   
  W
ra
pp
ed
 
 
 
 
   
 a
tm
os
ph
er
e
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
-0
.2
 
-0
.1
 
-0
.2
 
-0
.1
 
-0
.1
 
-0
.2
 
-0
.0
4 
-0
.1
 
-0
.0
6 
-0
.0
8 
-0
.2
 
-0
.0
3 
-0
.1
 
-0
.0
6 
-0
.0
4
(4
.7
)*
* 
(2
1.
9)
**
 
(-
11
.7
)*
**
 (
-1
.1
) 
(-
6.
4)
**
* 
(-
5.
3)
**
 
(-
7.
1)
**
* 
(-
6.
6)
**
* 
(-
7.
0)
**
* 
(-
6.
6)
**
* 
(-
4.
4)
**
 
(-
8.
0)
**
* 
(-
7.
5)
 
**
*(
5.
2)
**
 
(-
11
.5
)*
**
N
B
: V
al
ue
s 
in
 p
ar
en
th
es
is
 a
re
 t
-v
al
ue
s 
w
h
ile
 v
al
ue
s 
n
o
t 
in
 p
ar
en
th
es
is
 a
re
 r
eg
re
ss
io
n
 c
o
ef
fi
ci
en
ts
 (
co
ef
fi
ci
en
ts
 o
f 
h
o
ld
in
g 
ti
m
e)
**
* 
Si
gn
ifi
ca
n
t 
at
 1
%
 le
ve
l, 
   
**
 S
ig
n
ifi
ca
n
t 
at
 5
%
 le
ve
l. 
 
Effects of Holding Methods and Time on the Vitamin Contents of Five Tropical Leafy Vegetables  ... Nwanekezi and Okorie      57
 T
ab
le
 3
: T
hi
am
in
e 
(v
it
.B
1)
 c
on
te
nt
 a
nd
 th
e 
pe
rc
en
ta
ge
 lo
ss
 in
 fo
ur
 d
ay
s
H
ol
di
ng
 
U
nw
ra
pp
ed
 
U
nw
ra
pp
ed
/E
xp
os
ur
e 
to
 n
ig
ht
 
W
ra
pp
ed
ti
m
e 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 a
tm
os
ph
er
e
(D
A
Y
)	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
   
   
   
   
   
   
   
   
   
   
   
   
   
   
  
   
   
 (
µg
/1
00
 g
) 
(µ
g/
10
0 
g)
 
(µ
g/
10
0 
g)
           
                  
                  
                  
                  
                  
                  
     
0 
0.
13
0 
0.
12
0 
0.
17
0 
0.
03
8 
0.
17
0 
0.
13
0 
0.
12
0 
0.
17
0 
0.
03
8 
1.
70
 
0.
13
0 
0.
12
0 
0.
17
0 
0.
03
8 
0.
17
0
 
+
 0
.0
5 
+
 0
.0
0 
+
 0
.0
2 
+
 0
.0
0 
+
 0
.0
3 
+
 0
.0
5 
+
 0
.0
5 
+
 0
.0
2 
+
 0
.0
0 
+
 0
.0
3 
+
 0
.0
5 
+
 0
.0
0 
+
 0
.0
2 
+
 0
.0
8 
+
 0
.0
3
1 
0.
13
0 
0.
11
8 
0.
16
7 
0.
03
8 
0.
17
0 
0.
12
8 
0.
12
0 
0.
17
0 
0.
03
8 
0.
17
0 
0.
12
6 
0.
12
0 
0.
17
0 
0.
03
8 
0.
16
9
 
+
 0
.0
7 
 
+
 0
.1
0 
+
 0
.0
2 
+
 0
.0
2 
+
 0
.0
5 
+
 0
.1
0 
+
 0
.0
6 
+
 0
.0
2 
+
 0
.0
3 
+
 0
.0
6 
+
 0
.0
3 
+
 0
.0
0 
+
 0
.0
5 
+
 0
.0
0 
+
 0
.0
8
2 
0.
12
5 
0.
11
8 
0.
16
2 
0.
03
7 
0.
16
9 
0.
12
5 
0.
11
9 
0.
16
7 
0.
03
7 
0.
16
7 
0.
12
2 
0.
11
8 
0.
16
9 
0.
03
7 
0.
16
7
 
+
 0
.0
2 
+
 0
.0
2 
+
 0
.0
8 
+
 0
.0
1 
+
 0
.0
7 
+
 0
.0
5 
+
 0
.0
5 
+
 0
.0
0 
+
 0
.0
1 
+
 0
.1
1 
+
 .0
4 
+
 0
.0
4 
+
 0
.0
6 
+
 0
.0
2 
+
 0
.1
0
3 
0.
12
1 
0.
11
7 
0.
15
9 
0.
03
7 
0.
16
5 
0.
12
1 
0.
11
8 
0.
16
3 
0.
03
6 
0.
16
4 
0.
12
1 
0.
11
7 
0.
16
8 
0.
03
7 
0.
16
5
 
+
 0
.0
3 
+
 0
.0
0 
+
 0
.0
8 
+
 0
.0
2 
+
 0
.1
1 
+
 0
.0
0 
+
 0
.0
1 
+
 0
.1
2 
+
 0
.0
1 
+
 0
.0
5 
+
 0
.0
1 
+
 0
.1
0 
+
 0
.1
0 
+
 0
.0
2 
+
 0
.0
2
4 
0.
11
7 
0.
11
4 
0.
15
7 
0.
03
5 
0.
11
8 
0.
11
8 
0.
11
6 
0.
16
1 
0.
03
6 
0.
16
2 
0.
11
9 
0.
11
5 
0.
16
6 
0.
03
6 
0.
16
5
 
+
 0
.1
0 
+
 0
.0
8 
+
 0
.0
4 
+
 0
.0
0 
+
 0
.1
0 
+
 0
.1
0 
+
 0
.0
8 
+
 0
.0
9 
+
 0
.0
0 
+
 0
.1
1 
+
 0
.0
6 
+
 0
.0
5 
+
 0
.0
5 
+
 0
.0
2 
+
 0
.0
3
%
  l
os
s 
10
.0
0 
5.
00
 
7.
65
 
7.
89
 
6.
47
 
9.
23
 
3.
33
 
5.
29
 
5.
26
 
4.
71
 
8.
46
 
4.
17
 
2.
35
 
5.
26
 
2.
94
V
al
ue
s 
ar
e 
m
ea
ns
   
st
an
da
rd
 d
ev
ia
tio
ns
O
H
 =
 O
ha
   
   
 N
T
 =
   
  N
tu
ru
kp
a,
   
U
T
 =
 U
ta
zi
;  
   
 A
H
   
 =
  A
hi
hi
ar
a;
   
 G
R
  =
 G
re
en
R
eg
re
ss
io
n 
A
na
ly
si
s 
R
es
ul
ts
 fo
r T
ab
le
 3
 
 
U
nw
ra
pp
ed
 
   
   
   
   
   
   
U
nw
ra
pp
ed
/e
xp
os
ur
e 
to
 n
ig
ht
  
  
   
W
ra
pp
ed
 
 
 
 
   
 a
tm
os
ph
er
e
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
-0
.0
04
 
-0
.0
01
 
-0
.0
03
 
-0
.0
01
 
-0
.0
03
 
-0
.0
03
 
-0
.0
01
 
-0
.0
03
 
-0
.0
01
 
-0
.0
02
 
-0
.0
03
 
-0
.0
01
 
-0
.0
01
 
-0
.0
01
 
-0
.0
01
(-
7.
4)
**
* 
(-
2.
0)
**
 
(-
12
.0
)*
**
 (
-3
.7
)*
**
 
(-
3.
7)
**
* 
(-
16
.2
)*
**
 (-
5.
0)
**
* 
(-
6.
6)
**
* 
(-
5.
2)
**
* 
(-
7.
2)
**
* 
(-
7.
1)
**
 
(-
6.
8)
**
* 
(-
5.
0)
**
 
   
 (-
5.
0)
**
 
(-
7.
1)
**
*
N
B
: V
al
ue
s 
in
 p
ar
en
th
es
is
 a
re
 t
-v
al
ue
s 
w
h
ile
 v
al
ue
s 
n
o
t 
in
 p
ar
en
th
es
is
 a
re
 r
eg
re
ss
io
n
 c
o
ef
fi
ci
en
ts
 (
co
ef
fi
ci
en
ts
 o
f 
h
o
ld
in
g 
ti
m
e)
**
* 
Si
gn
ifi
ca
n
t 
at
 1
%
 le
ve
l, 
   
**
 S
ig
n
ifi
ca
n
t 
at
 5
%
 le
ve
l. 
 
58        Nigerian Food Journal  Vol. 31 No. 1, 2013 ...  Full Length Article
T
ab
le
	4
:	R
ib
o
fl
av
in
	(
V
it
.B
2)
 c
on
te
nt
 a
nd
 th
e 
pe
rc
en
ta
ge
 lo
ss
 in
 fo
ur
 d
ay
s
H
ol
di
ng
 
U
nw
ra
pp
ed
 
U
nw
ra
pp
ed
/E
xp
os
ur
e 
to
 n
ig
ht
 
W
ra
pp
ed
T
im
e 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
  a
tm
os
ph
er
e
(D
A
Y
)	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
   
   
   
   
   
   
   
   
   
   
   
   
   
   
  
   
   
 (
µg
/1
00
 g
) 
(µ
g/
10
0 
g)
 
(µ
g/
10
0 
g)
           
                  
                  
                  
                  
                  
                  
     
0 
0.
27
 
0.
18
 
0.
92
 
0.
24
 
0.
29
 
0.
27
 
0.
18
 
0.
92
 
0.
24
 
0.
29
 
0.
27
 
0.
18
 
0.
90
 
0.
24
 
0.
29
 
+
 0
.0
5 
+
 0
.0
3 
+
 0
.0
3 
+
 0
.0
2 
+
 0
.0
5 
+
 0
.0
5 
+
 0
.0
3 
+
 0
.0
3 
+
 0
.0
2 
+
 0
.0
5 
+
 0
.0
5 
+
 0
.0
3 
+
 0
.0
3 
+
 0
.0
2 
+
 0
.0
5
1 
0.
23
 
0.
15
 
0.
82
 
0.
20
 
0.
26
 
0.
25
 
0.
16
 
0.
85
 
0.
21
 
0.
27
 
0.
26
 
0.
17
 
0.
90
 
0.
22
 
0.
28
 
+
 0
.0
4 
 
+
 0
.0
1 
+
 0
.0
4 
+
 0
.0
0 
+
 0
.0
5 
+
 0
.0
8 
+
 0
.0
5 
+
 0
.0
4 
+
 0
.0
4 
+
 0
.0
4 
+
 0
.0
4 
+
 0
.0
2 
+
 0
.0
3 
+
 0
.0
5 
+
 0
.0
4   
   
2 
0.
20
 
0.
11
 
0.
75
 
0.
17
 
0.
21
 
0.
22
 
0.
13
 
0.
80
 
0.
19
 
0.
23
 
0.
24
 
0.
15
 
0.
81
 
0.
21
 
0.
25
 
+
 0
.0
2 
+
 0
.0
5 
+
 0
.0
4 
+
 0
.0
3 
+
 0
.0
3 
+
 0
.0
3 
+
 0
.0
4 
+
 0
.0
4 
+
 0
.0
3 
+
 0
.0
2 
+
 0
.0
1 
+
 0
.0
2 
+
 0
.0
2 
+
 0
.0
3 
+
 0
.0
7
3 
0.
18
 
0.
09
 
0.
69
 
0.
51
 
0.
19
 
0.
19
 
0.
10
 
0.
70
 
0.
16
 
0.
20
 
0.
21
 
0.
12
 
0.
72
 
0.
19
 
0.
21
 
+
 0
.0
5 
+
 0
.0
3 
+
 0
.0
3 
+
 0
.0
1 
+
 0
.0
0 
+
 0
.0
3 
+
 0
.0
4 
+
 0
.0
7 
+
 0
.0
3 
+
 0
.0
3 
+
 0
.0
5 
+
 0
.0
2 
+
 0
.0
3 
+
 0
.0
1 
+
 0
.0
3
4 
0.
13
 
0.
05
 
0.
59
 
0.
12
 
0.
13
 
0.
15
 
0.
07
 
0.
64
 
0.
14
 
0.
15
 
0.
18
 
0.
09
 
0.
68
 
0.
17
 
0.
18
 
+
 0
.0
2 
+
 0
.0
1 
+
 0
.0
2 
+
 0
.0
1 
+
 0
.0
1 
+
 0
.0
4 
+
 0
.0
0 
+
 0
.0
3 
+
 0
.0
4 
+
 0
.0
2 
+
 0
.0
2 
+
 0
.0
3 
+
 0
.0
3 
+
 0
.0
3 
+
 0
.0
2
%
  l
os
s 
51
.8
5 
72
.2
2 
35
.8
7 
50
.0
0 
55
.1
7 
44
.4
4 
61
.1
1 
30
.4
3 
41
.6
7 
48
.2
8 
33
.3
3 
50
.0
0 
26
.0
9 
29
.1
7 
37
.9
3
V
al
ue
s 
ar
e 
m
ea
ns
   
st
an
da
rd
 d
ev
ia
tio
ns
O
H
 =
 O
ha
   
   
 N
T
 =
   
  N
tu
ru
kp
a,
   
U
T
 =
 U
ta
zi
;  
   
 A
H
   
 =
  A
hi
hi
ar
a;
   
 G
R
  =
 G
re
en
R
eg
re
ss
io
n 
A
na
ly
si
s 
R
es
ul
ts
 fo
r T
ab
le
 4
 
 
U
nw
ra
pp
ed
 
   
   
   
   
   
   
U
nw
ra
pp
ed
/e
xp
os
ur
e 
to
 n
ig
ht
  
   
  
W
ra
pp
ed
 
 
 
 
   
 A
tm
os
ph
er
e
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
	O
H
	
N
T
	
U
T
	
A
H
	
G
R
-0
.0
33
 
-0
.0
32
 
-0
.0
79
 
-0
.0
07
 
-0
.0
39
 
-0
.0
30
 
-0
.0
28
 
-0
.0
71
 
-0
.0
25
 
-0
.0
35
 
-0
.0
23
 
-0
.0
23
 
-0
.0
62
 
-0
.0
17
 
-0
.0
29
(-
13
.1
)*
**
 (
-1
9.
6)
**
 (
-1
9.
2)
**
* 
(-
0.
12
6)
**
*(
-1
2.
1)
**
* 
(-
15
.0
)*
**
 (-
24
.2
)*
**
 (
-1
7.
9)
**
* 
(-
25
.0
)*
**
(-
12
.6
)*
**
 (
-9
.1
)*
* 
(-
9.
1)
**
* 
(-
6.
9)
**
 
 (1
7.
0)
**
* 
(-
9.
7)
**
*
N
B
: V
al
ue
s 
in
 p
ar
en
th
es
is
 a
re
 t
-v
al
ue
s 
w
h
ile
 v
al
ue
s 
n
o
t 
in
 p
ar
en
th
es
is
 a
re
 r
eg
re
ss
io
n
 c
o
ef
fi
ci
en
ts
 (
co
ef
fi
ci
en
ts
 o
f 
h
o
ld
in
g 
ti
m
e)
**
* 
Si
gn
ifi
ca
n
t 
at
 1
%
 le
ve
l, 
   
**
 S
ig
n
ifi
ca
n
t 
at
 5
%
 le
ve
l. 
 
Effects of Holding Methods and Time on the Vitamin Contents of Five Tropical Leafy Vegetables  ... Nwanekezi and Okorie      59
T
ab
le
	5
:	N
ia
ci
n
	(
V
it
.	B
3)
 c
on
te
nt
 a
nd
 th
e 
pe
rc
en
ta
ge
 lo
ss
 in
 fo
ur
 d
ay
s
H
ol
di
ng
 
U
nw
ra
pp
ed
 
U
nw
ra
pp
ed
/e
xp
os
ur
e 
to
 n
ig
ht
 
W
ra
pp
ed
T
im
e 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
at
m
os
ph
er
e
(D
A
Y
)	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
   
   
   
   
   
   
   
   
   
   
   
   
   
   
  
   
   
 (
µg
/1
00
 g
) 
(µ
g/
10
0 
g)
 
(µ
g/
10
0 
g)
           
                  
                  
                  
                  
                  
                  
     
0 
2.
75
 
1.
45
 
0.
85
 
0.
40
 
0.
45
 
2.
75
 
1.
45
 
0.
85
 
0.
40
 
0.
45
 
2.
75
 
1.
45
 
0.
85
 
0.
40
 
0.
45
 
+
 0
.0
5 
+
 0
.0
3 
+
 0
.0
5 
+
 0
.0
2 
+
 0
.0
6 
+
 0
.0
5 
+
 0
.0
3 
+
 0
.0
5 
+
 0
.0
2 
+
 0
.0
6 
+
 0
.0
5 
+
 0
.0
3 
+
 0
.0
5 
+
 0
.0
2 
+
 0
.0
6
1 
2.
69
 
1.
40
 
0.
78
 
0.
36
 
0.
42
 
2.
70
 
1.
41
 
0.
81
 
0.
38
 
0.
44
 
0.
43
 
2.
73
 
1.
42
 
0.
83
 
0.
44
 
+
 0
.0
1 
 
+
 0
.0
3 
+
 0
.0
4 
+
 0
.0
7 
+
 0
.0
0 
+
 0
.0
5 
+
 0
.0
5 
+
 0
.0
5 
+
 0
.0
4 
+
 0
.0
11
 +
 0
.0
4 
+
 0
.0
3 
+
 0
.0
4 
+
 0
.0
4 
+
 0
.1
4   
   
2 
2.
45
 
1.
32
 
0.
75
 
0.
34
 
0.
40
 
2.
56
 
1.
35
 
0.
79
 
0.
36
 
0.
42
 
2.
60
 
1.
38
 
0.
81
 
0.
37
 
0.
43
 
+
 0
.0
8 
+
 0
.0
7 
+
 0
.0
4 
+
 0
.0
5 
+
 0
.0
4 
+
 0
.0
3 
+
 0
.0
4 
+
 0
.0
2 
+
 0
.0
2 
+
 0
.0
0 
+
 0
.1
0 
+
 0
.0
8 
+
 0
.1
0 
+
 0
.0
2 
+
 0
.0
2
3 
2.
36
 
1.
21
 
0.
69
 
0.
32
 
0.
38
 
2.
54
 
1.
24
 
0.
72
 
0.
34
 
0.
39
 
2.
57
 
1.
35
 
0.
75
 
0.
35
 
0.
40
 
+
 0
.1
1 
+
 0
.0
6 
+
 0
.0
2 
+
 0
.0
3 
+
 0
.0
0 
+
 0
.0
3 
+
 0
.0
5 
+
 0
.0
3 
+
 0
.0
4 
+
 0
.0
5 
+
 0
.1
2 
+
 0
.0
6 
+
 0
.0
5 
+
 0
.1
0 
+
 0
.0
6
4 
2.
12
 
1.
17
 
0.
63
 
0.
35
 
0.
31
 
2.
48
 
1.
18
 
0.
65
 
0.
31
 
0.
37
 
2.
52
 
1.
20
 
0.
68
 
0.
32
 
0.
38
 
+
 0
.0
4 
+
 0
.0
5 
+
 0
.0
6 
+
 0
.0
3 
+
 0
.0
4 
+
 0
.0
6 
+
 0
.0
4 
+
 0
.0
3 
+
 0
.0
6 
+
 0
.0
2 
+
 0
.0
7 
+
 0
.0
5 
+
 0
.0
3 
+
 0
.0
4 
+
 0
.0
5
%
  l
os
s 
22
.9
0 
19
.3
1 
25
.8
8 
12
.5
0 
31
.1
1 
9.
82
 
18
.6
2 
23
.5
3 
22
.5
0 
17
.7
8 
8.
36
 
17
.2
4 
20
.0
0 
20
.0
0 
15
.5
6
V
al
ue
s 
ar
e 
m
ea
ns
   
st
an
da
rd
 d
ev
ia
tio
ns
O
H
 =
 O
ha
   
   
 N
T
 =
   
  N
tu
ru
kp
a,
   
U
T
 =
 U
ta
zi
;  
   
 A
H
   
 =
  A
hi
hi
ar
a;
   
 G
R
  =
 G
re
en
R
eg
re
ss
io
n 
A
na
ly
si
s 
R
es
ul
ts
 fo
r T
ab
le
 4
 
 
U
nw
ra
pp
ed
 
   
   
   
   
   
   
U
nw
ra
pp
ed
/E
xp
os
ur
e 
to
 n
ig
ht
  
   
 W
ra
pp
ed
 
 
 
 
   
 a
tm
os
ph
er
e
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
-0
.1
59
 
-0
.0
75
 
-0
.0
53
 
-0
.0
14
 
-0
.0
32
 
-0
.0
70
 
-0
.0
71
 
-0
.0
49
 
-0
.0
22
 
-0
.0
15
 
-0
.1
68
 
-0
.1
68
 
-0
.1
01
 
-0
.0
64
 
-0
.0
18
(-
9.
2)
**
* 
(-
12
.1
)*
* 
(-
16
.5
)*
**
 (
-1
.9
)*
**
(-
6.
0)
**
* 
(-
7.
1)
**
* 
(-
10
.7
)*
**
 (
-8
.1
)*
**
 (
-1
9.
1)
**
*(
-1
.8
)*
**
 
(-
0.
5)
**
 
(-
0.
9)
**
* 
(-
1.
1)
**
 
 (0
.9
)*
**
 
(-
7.
8)
**
*
N
B
: V
al
ue
s 
in
 p
ar
en
th
es
is
 a
re
 t
-v
al
ue
s 
w
h
ile
 v
al
ue
s 
n
o
t 
in
 p
ar
en
th
es
is
 a
re
 r
eg
re
ss
io
n
 c
o
ef
fi
ci
en
ts
 (
co
ef
fi
ci
en
ts
 o
f 
h
o
ld
in
g 
ti
m
e)
**
* 
Si
gn
ifi
ca
n
t 
at
 1
%
 le
ve
l, 
   
**
 S
ig
n
ifi
ca
n
t 
at
 5
%
 le
ve
l. 
 
60        Nigerian Food Journal  Vol. 31 No. 1, 2013 ...  Full Length Article
T
ab
le
 6
: A
sc
or
bi
c 
ac
id
 (
V
it
.C
) 
co
nt
en
t a
nd
 th
e 
pe
rc
en
ta
ge
 lo
ss
 in
 fo
ur
 d
ay
s
H
ol
di
ng
 
U
nw
ra
pp
ed
 
U
nw
ra
pp
ed
/E
xp
os
ur
e 
to
 n
ig
ht
 
W
ra
pp
ed
ti
m
e 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 a
tm
os
ph
er
e
(D
A
Y
)	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
   
   
   
   
   
   
   
   
   
   
   
   
   
   
  
   
   
 (
µg
/1
00
 g
) 
(µ
g/
10
0 
g)
 
(µ
g/
10
0 
g)
           
                  
                  
                  
                  
                  
                  
     
0 
19
4.
50
 
20
4.
78
 
27
8.
65
 
10
5.
62
 
13
4.
80
 
19
4.
80
 
20
4.
78
 
27
8.
65
 
10
5.
62
 
13
4.
80
 
19
4.
30
 2
04
.7
8 
27
8.
65
 
10
5.
62
 
13
4.
80
 
+
 1
.0
5 
+
 2
.1
0 
+
 0
.1
1 
+
 0
.1
9 
+
 0
.0
4 
+
 1
.0
5 
+
 2
.1
0 
+
 0
.1
1 
+
 0
.1
9 
+
 0
.0
4 
+
 1
.0
5 
+
 2
.1
0 
+
 0
.1
1 
+
 0
.1
9 
+
 0
.0
4
1 
18
9.
40
 
20
1.
75
 
27
4.
80
 
10
3.
24
 
13
2.
28
 
19
0.
56
 
20
2.
74
 
27
6.
90
 
10
3.
36
 
13
2.
36
 
19
3.
24
 2
03
.6
8 
27
7.
60
 
10
4.
78
 
13
4.
72
 
+
 0
.8
1 
 
+
 0
.5
6 
+
 0
.9
 
+
 0
.2
7 
+
 0
.1
1 
+
 0
.8
1 
+
 1
.0
0 
+
 0
.1
2 
+
 0
.1
6 
+
 0
.1
6 
+
 0
.3
0 
+
 0
.5
6 
+
 0
.1
9 
+
 0
.0
4 
+
 0
.2
0   
   
2 
18
5.
30
 
20
0.
16
 
27
2.
85
 
10
1.
24
 
12
8.
28
 
18
8.
62
 
20
0.
60
 
27
4.
06
 
10
2.
70
 
13
0.
28
 
19
1.
85
 2
01
.7
5 
27
4.
26
 
10
3.
28
 
13
2.
85
 
+
 0
.2
5 
+
 0
.4
5 
+
 0
.1
1 
+
 0
.1
7 
+
 0
.0
9 
+
 0
.6
3 
+
 0
.1
4 
+
 0
.4
0 
+
 0
.1
9 
+
 0
.1
2 
+
 0
.1
2 
+
 0
.0
8 
+
 0
.1
0 
+
 0
.0
2 
+
 0
.1
4
3 
18
3.
24
 
19
8.
18
 
26
9.
17
 
10
0.
36
 
12
0.
84
 
18
7.
38
 
19
8.
24
 
27
1.
48
 
10
1.
50
 
12
9.
28
 
19
0.
30
 1
99
.4
5 
27
2.
08
 
10
1.
12
 
13
0.
62
 
+
 0
.8
1 
+
 0
.4
5 
+
 0
.1
0 
+
 0
.1
3 
+
 0
.1
6 
+
 1
.2
4 
+
 0
.5
7 
+
 0
.2
9 
+
 0
.1
5 
+
 0
.0
7 
+
 0
.8
1 
+
 0
.8
5 
+
 0
.2
0 
+
 0
.1
9 
+
 0
.0
4
4 
18
2.
75
 
19
3.
70
 
26
8.
90
 
98
.7
5 
12
0.
60
 
18
5.
16
 
19
5.
68
 
27
0.
85
 
10
0.
90
 
12
5.
35
 
19
0.
16
 1
97
.8
0 
27
1.
94
 
10
0.
46
 
12
6.
78
 
+
 1
.0
6 
+
 0
.6
7 
+
 0
.2
3 
+
 0
.1
8 
+
 0
.1
6 
+
 0
.2
4 
+
 0
.6
2 
+
 0
.1
1 
+
 0
.1
6 
+
 0
.1
9 
+
 0
.3
6 
+
 0
.3
8 
+
 0
.3
5 
+
 0
.2
2 
+
 0
.4
0
%
  l
os
s 
22
.9
0 
19
.3
1 
25
.8
8 
12
.5
0 
31
.1
1 
9.
82
 
18
.6
2 
23
.5
3 
22
.5
0 
17
.7
8 
8.
36
 
17
.2
4 
20
.0
0 
20
.0
0 
15
.5
6
V
al
ue
s 
ar
e 
m
ea
ns
   
st
an
da
rd
 d
ev
ia
tio
ns
O
H
 =
 O
ha
   
   
 N
T
 =
   
  N
tu
ru
kp
a,
   
U
T
 =
 U
ta
zi
;  
   
 A
H
   
 =
  A
hi
hi
ar
a;
   
 G
R
  =
 G
re
en
R
eg
re
ss
io
n 
A
na
ly
si
s 
R
es
ul
ts
 fo
r T
ab
le
 6
 
 
U
nw
ra
pp
ed
 
   
   
   
   
   
   
U
nw
ra
pp
ed
/E
xp
os
ur
e 
to
 n
ig
ht
  
   
   
   
   
W
ra
pp
ed
 
 
 
 
   
 a
tm
os
ph
er
e
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
	
O
H
	
N
T
	
U
T
	
A
H
	
G
R
-2
.9
26
 
-2
.5
73
 
-2
.5
13
 
-1
.6
62
 
-3
.9
84
 
-2
.2
46
 
-2
.2
70
 
-2
.1
02
 
-1
.1
30
 
-2
.1
98
 
-1
.1
22
 
-1
.8
19
 
-1
.8
94
 
-1
.3
98
 
-2
.0
14
(-
5.
5)
**
* 
(-
9.
2)
**
 
(-
7.
5)
**
* 
(-
10
.7
)*
**
(-
6.
9)
**
* 
(-
7.
5)
**
* 
(-
36
.7
)*
**
 (
-9
.8
)*
**
 (
-6
.9
)*
**
(-
9.
3)
**
* 
(-
8.
4)
**
 
(-
16
.2
)*
**
 (
-1
6.
2)
**
  (
5.
0)
**
* 
(-
5.
2)
**
*
N
B
: V
al
ue
s 
in
 p
ar
en
th
es
is
 a
re
 t
-v
al
ue
s 
w
h
ile
 v
al
ue
s 
n
o
t 
in
 p
ar
en
th
es
is
 a
re
 r
eg
re
ss
io
n
 c
o
ef
fi
ci
en
ts
 (
co
ef
fi
ci
en
ts
 o
f 
h
o
ld
in
g 
ti
m
e)
**
* 
Si
gn
ifi
ca
n
t 
at
 1
%
 le
ve
l, 
   
**
 S
ig
n
ifi
ca
n
t 
at
 5
%
 le
ve
l. 
 
Effects of Holding Methods and Time on the Vitamin Contents of Five Tropical Leafy Vegetables  ... Nwanekezi and Okorie      61
Beta-carotene is a precursor to vitamin A which 
is important for maintenance of  ocular health, 
prevention of  anaemia (Enwere, 1998) and cancer 
(Craft and Wise, 1993). The vitamin has integral role 
in regulating total metabolic reaction in the body 
(Abiaka et al., 2002). Unfortunately, this important 
pro-vitamin A is low in these leafy vegetables. Beta-
carotene in the leaves ranged from 4.88 to 9.84 
µg/100 g. The recommended dietary allowance 
(RDA) for adult men and women on moderate 
work regime is 2400 µg/day  (Narasingha-Rao et al., 
1989). It is therefore impossible to obtain this RDA 
per day through consumption of  these vegetables 
alone.
Leafy vegetables are moderated sources of  B- 
vitamins. The thiamin, riboflavin and niacin contents 
in the five leafy vegetables ranged from 0.038 – 
0170 mg/100 g, 0.180 – 0.920 mg/100 g and 0.400 
– 2.730 mg/100 g respectively. The reported levels 
of  these vitamins in Amaranthus hybridus (green) 
by Akubugwo et al. (2007) were higher than the 
values obtained in this study. The B-vitamins are 
very important to humans. According to Okaka et 
al. (2002) thiamin is necessary for growth, digestion 
of  foods and stimulation of  appetite; riboflavin 
participates in various enzyme systems and 
oxidases; niacin is involved in hydrogen transport, 
energy release and protein metabolism. Although 
the levels of  the three B-vitamins per 100 g of  the 
leafy vegetable are below the recommended daily 
intake levels of  1.4, 1.6 and 18 mg of  vitamins B1, 
B2 and B3 respectively recommended for men 
(Narasingha-Rao et al., 1989) and  the combination 
of  these leafy vegetables to foods that are not good 
sources of  vitamins would cumulatively be of  
importance.
Generally, there were significant decreases in the 
vitamin contents of  the five leafy vegetables as 
the period of  holding increased with exception of  
beta-carotene, riboflavin and niacin in unwrapped 
ahihiara, thiamin in unwrapped nturukpa, niacin in 
unwrapped green, wrapped oha, wrapped nturukpa, 
wrapped ahiahiara as well as wrapped green that was 
exposed to night atmosphere (Regression tables). 
The thiamin content of  unwrapped “nturukpa”, 
“ahihiara and green decreased respectively from 
0.120, 0.038 and 0.170 mg/100 g on the zero 
days to 0.114, 0.035 and 0.159 mg/100 g on the 
fourth day of  holding (Table 3).  Nwufo (1994) had 
reported that there were reductions in the ascorbic 
acid content of  Telfariria occidentals and Pterocarpus 
soyauxii as the length of  time of  holding the leaves 
increased. The reductions in vitamin contents of  
leafy vegetables with increase in the time of  holding 
have also been reported respectively by Tulio et al. 
(2002) and Oladele and Aborisade (2009). The 
increased loss of  vitamins with increase in time 
of  holding lowered the nutritional values of  leafy 
vegetables. This, no doubt, could limit the level 
of  vitamin intake in the diets leading to vitamin 
deficiency. Vitamin deficiency diseases such as 
beriberi and pellagra are respectively known to be 
caused by insufficiency or lack of  thiamin and 
niacin. Vitamin deficiencies according to Okwu 
(2004) have effects as it lowers the rate of  metabolic 
processing in the body.
Conclusion
The methods of  holding the leafy vegetables were 
found to affect the rate at which the vitamins were 
lost. The highest percentage loss of  vitamins was 
recorded for unwrapped leafy vegetables held 
throughout in the laboratory room. The percentage 
loss of  vitamins in these unwrapped samples were 
higher than those of  the other unwrapped leafy 
vegetable samples which were taken out in the 
open at nights. This was due to the cold night air 
and early morning dews which had cooling effects 
on the leaves thus lowering their temperature more 
than that of  the leafy vegetables held throughout 
in the laboratory room. Temperature is known 
to affect post-harvest physiology and metabolic 
activities of  harvested plants. The higher the 
temperature at which the leafy vegetables were held 
the higher the rates of  physiological and metabolic 
activities. This, no doubt, could be the reason 
why the unwrapped leafy vegetables left in the 
laboratory room day and night lost more vitamins 
than the similar unwrapped leafy vegetables which 
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were taken out of  the room to the open at nights. 
The least percentage loss of  vitamins was observed 
for leafy vegetables wrapped with cocoyam leaves. 
Nunes et al. (1998) had observed that wrapping 
confers a higher degree of  nutrient retention in 
leafy vegetables. Wrapping resulted to convective 
cooling of  the leafy vegetables. This cooling effect 
was as a result of  moisture released by the leafy 
vegetables through post-harvest respiration and 
transpiration. The evaporated moistures were 
prevented from escaping by the wrapper (cocoyam 
leaves) and this contributed more to cooling of  
the wrapped leafy vegetables. As the evaporative 
cooling took place both day and night, this method 
(wrapping) of  holding could have resulted in the 
wrapped leafy vegetables having much more lower 
temperature than the other two unwrapped leafy 
vegetable samples. The consequence was lower 
rates of  physiological and metabolic activities 
leading to the lowest percentage loss of  vitamins in 
the wrapped leafy vegetable samples.
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